SUMMARY The clinical, neuropsychological and neuroradiological features of two patients affected by herpes simplex virus type I (HSV-1) encephalitis are described. An experimental study for the assessment of naming, recognition and description displayed in one patient a persistent significant impairment in naming living things. The other patient showed a failing "semantic memory" for the same categories, although a significant impairment emerged only for plants. In both patients, the late neuroradiological sequelae were localised mainly in the inferior and middle gyri of the left temporal lobe and in the left-side insula. In one patient, the right-side insula was also involved. The selective cerebral damage induced by HSV-1 is stressed and a correlation between the neuroradiological and neuropsychological findings is attempted. The stereotyped anatomical and neuropsychological changes lead to the belief that the virus may recognise, within the limbic system, particular cellular "strains" on the basis of their molecular specificity.
vidarabin3 and about 20% with acyclovir.4 As a result, an increasing number of patients now recover from the disease but are left with neurological sequelae ranging from severe dementia with markedly disturbed behaviour to mild impairment of memory and speech. Occasionally, however, some patients do appear to recover completely.
The two patients reported here had an excellent recovery of the higher cortical functions, although anomia in one case and an impairment of semantic memory in the other persisted. In both cases the sequelae involved such semantic categories as animals and plants.
Categorisation and, consequently, the formation of "concepts" is one of the primary cognitive processes in man. Concepts play an important role in cognitive processes, as they allow humans to deal with objects and events even when there is no concrete referent for them. Concepts are "stored" and can be "retrieved" and "expressed" as part of an organisation which is based on semantic categories, or general concepts.
It is not our purpose to discuss philosophical and psychological principles underlying the organisation of categories. We merely point out that selective deficits for certain semantic categories have been reported in some patients without all other categories being affected as a result. The first study conducted on a large series of 135 aphasic patients5 showed a high incidence of dissociation for six semantic categories, namely body parts, actions, objects, colours, letters, and numbers. In the last 10 years, category deficits have been studied extensively by Warrington and Shallice, who based their investigations on the analysis of a few cases of spontaneous pathology in humans. A dual dissociation was then evidenced between the "abstract" and the "concrete" category6-8 and between those of "animate" vs.
"inanimate" objects. 8 9 It appears from the literature that distinct cerebral structures are responsible for retaining and expressing specific categories, but it is not yet known which structures these are.
The purpose of our study was to investigate how the selective neuropsychological impairment of the cate-1284 group.bmj.com on June 16, 2017 -Published by http://jnnp.bmj.com/ Downloaded from Recovery from herpes simplex encephalitis: selective impairment of specific semantic categories gories of animals and plants evolved over time in our patients and to evaluate the corresponding anatomical damage by neuroradiological techniques.
Patients and methods
Case No. I R.M., a 23 year old man and a manager in his father's company was admitted to the infectious disease ward after a 5 day history of erratic fever up to 40°C and severe frontal headache accompanied by disturbed behaviour and speech impairment. Upon admission the patient was found to suffer from confusion, disorientation, and global aphasia. The EEG recording showed diffuse abnormalities prevailing in the left temporal region with pseudoperiodic slow waves. A CSF test revealed an increased number of cells, mostly lymphocytes (73 mm3). On that same day treatment with acyclovir was started. No changes in density were apparent on CT. The 11th day after the onset the patient suffered from a generalised seizure. A second EEG recording showed more extensive focal abnormalities in the left frontal and temporal regions. Further CT revealed a large area of low density in the left temporal region extending to the ipsilateral frontobasal region. The clinical conditions, as well as the EEG and CT findings, improved gradually over the following days. The patient was discharged from hospital 30 days later in good general condition, except for mild signs of amnesia and anomia. After a few months, he was able to resume work at his father's company with good effect. Case no. 2 J.V., a 47 year old man and a manufacturer of custom-made spectacles began to show confusion and global aphasia after 3 days with 38-5°C fever and general discomfort. The next day he developed tonic-clonic status epilepticus. Upon admission, the patient was in a deep coma. A lumbar puncture revealed blood traces in the CSF. CT showed that the left lateral ventricle was compressed anteriorly, with an area of hypodensity around a hyperdense focus in the insula of the left temporal region which remained unaltered after contrast medium enhancement. The EEG recording showed diffuse slowing of the background rhythms with three phase pseudoperiodic slow spikes in the left hemisphere. Treatment with acyclovir was started on the day of admission. The patient's clinical picture worsened over the following days because of respiratory insufficiency and he was put on a mechanical respirator. Further CT revealed a large area of low density involving the left median and basal temporal region and extending to the ipsilateral frontal region. After a week the patient began to improve slowly, and eventually regained consciousness and recovered his respiratory function. When he was discharged from hospital 30 days later, he was in good general condition with only moderate amnesia as neurological sequela. After a few months he successfully resumed work and his technical and entrepreneurial skills proved to be as good as before the disease.
Virological tests
The following parameters were determined and considered in assessing viral diagnosis of herpes simplex encephalitis: (1) HSV-1 specific IgG antibody titre in sequential serum and CSF paired samples taken simultaneously from the two patients (six paired samples for the patient R.M., and four for the patient J.V. Recovery from herpes simplex encephalitis: selective impairment of specific semantic categories 18 In particular, a diagnosis of herpes simplex encephalitis is made when the serum to CSF herpes simplex specific antibody ratio is <20:1, which can be attributed to intrathecal production. I9 Our patients satisfied these serologic criteria and also had clinical histories and neuroradiological findings typical of herpes simplex encephalitis. The purpose of this paper is (1) to investigate the restoration of mental functions in patients with HSV-1 encephalitis in order to determine which deficits persist and which functions are restored over time;
and (2) to compare the residual neuropsychological deficits in the two patients with the anatomical lesions observed by neuroradiological investigation in order to evaluate the functional role of the brain structures MM affected by herpes simplex infection.
The general neuropsychological testing showed a good recovery of the higher cortical functions, which are the lefthad been severely impaired in both patients. About 18 involvement is months after the acute stage, their scores fell within the medium range of the WAIS and they were able to 1291 VW.
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A"m group.bmj.com on June 16, 2017 -Published by http://jnnp.bmj.com/ Downloaded from resume full work even though both still suffered from amnesia. An experimental test aimed at determining whether the patients' speech and memory impairment involved specific categories showed that differences actually existed between the two patients. In Case 1, aside from his general good recovery, anomia persisted over time for the categories of animals and plants. However, since the patient's speech abilities were intact, that is, there was no difficulty in articulation and comprehension, the length of the sentences was normal and so were syntax and grammar, the deficit was purely anomic in type. Anomia for specific categories has already been reported,5 20 but it is interesting to note that in our patients the categories involved were exactly the same as those reported by Warrington and Shallice8 in a similar study carried out on four patients with herpes simplex encephalitis. It seems that the deficits are highly specific for certain categories, which would suggest that, within extensive lesions, the virus is likely to prefer well-selected neuronal systems. As no phenomena were present which could be related to aphasia, such as paraphasia, "conduite d'approche", neologism and circumlocutions, while severe amnesia persisted and the lesions were located in the temporal region, the anomia found in the first patient can be regarded as a form of amnestic anomia.
The second patient showed great difficulty in naming both the visual and verbal items presented to him for all categories, but even more so for animals and plants. Since he also had difficulty in recognising stimuli belonging to the two last categories, the question arose whether his deficit could be not only anomic but also agnostic in type. If the recognition deficit had been related to visual agnosia, then the patient should have been able to name concepts belonging to the animals and plants categories described to him in detail by the examiner (naming from description). However, the patient's score in Test 4 was significantly below the normal range. The question also arose whether this test might have been invalidated by the patient's anomia, and the tests of description upon presentation of verbal stimuli (Test 3) was performed to solve any such doubts. Had the patient suffered either from visual agnosia or anomia, he should have been able to describe the concepts named by the examiner; on the contrary, his score was low on this test also. The results of the different tests ruled out the possibility of an agnostic deficit and revealed instead the presence of visual and verbal deficits of the semantic systems. A selective impairment of semantic memory could therefore be assumed.
Semantic memory is a system for storing information and concepts acquired since childhood which implies both visual and verbal knowledge.21-23 A Pietrini, Nertempi, Vaglia, Revello, Pinna, Ferro-Milone deterioration of the information stored in the semantic system results in failure to recognise, describe, and name concepts. Aside from the differences found, some similarities did exist between our two patients, as proven by the naming tests in which both of them obtained far lower scores than in the other tests. With the second patient, too, the results ofTests 1 and 4 were poorer than those of Tests 2 and 3, confirming that a more marked naming deficit was added to the recognition and description deficits. Then the hypothesis may be advanced that, depending on the extent of the lesion, different functional "levels" may be involved, with only a disturbed recollection of the names ofcertain animals and plants (amnestic anomia) when a comparatively mild lesion is restricted to one hemisphere but with further deficits in recognition and description of the same concepts (impairment of semantic memory) when a more severe lesion spreads to the opposite hemisphere.
As far as the evolution of such deficits over time is concerned, the first patient showed a good recovery in all categories, which remained so in the period of time between 12 and 18 months after discharge. On the other hand in the second patient, after an initial good recovery during the first 12 months, a steady impairment resulting in an absolute response consistency from test to test and from session to session between 12 and 18 months after discharge was observed. This finding appears to support the hypothesis of a degradation of the semantic representation of the concepts.9 23 Our study confirms the observation of Warrington and Shallice8 on the selective impairment of specific semantic categories, namely "animate objects". It is interesting to note that in both our patients the involvement was more marked for plants than for animals. The first patient showed a purely anomic deficit and therefore differs from the cases reported by Warrington and Shallice, in which deficits were more similar to those of Case No. 2. The difference might be explained by the fact that in patient No. 1 the temporal lesion was unilateral and located in the dominant hemisphere while in the patients studied by the British authors the damage was bilateral, similar to case No. 2.
The neuroradiological investigation on our patients failed to provide any clear indications about the area or structures responsible for storing memory and naming concepts related to categories of "animated objects", the brain damage apparent on radiographs being much too extensive for a close anatomical correlation to be established. Our findings seem to suggest that a lesion of some neuronal systems in the inferior and middle temporal gyri, the hippocampal and parahippocampal regions, and the left-side insula may lead, in a right-handed subject, to a deficit Recovery from herpes simplex encephalitis: selective impairment ofspecific semantic categories resulting in anomia for certain semantic categories upon neuropsychological tests. When the damage spreads to the insula on the opposite side, a disturbance of the internal representation of the concepts related to the same categories may occur. Anatomopathological investigations carried out on large series of patients have shown a special affinity of herpes simplex for the same structures that were affected on our two cases. 24 25 In particular, the virus seems to have a clear preference for the limbic system. Recently, neurons of the rat limbic system have been found to have antigens different from the adjoining areas26 and the hypothesis has been advanced that the attack of herpes simplex and the vulnerability of the limbic system may be a consequence of this molecular specificity.27 In our opinion, further, if indirect, evidence of this assumption is provided by the selective nature of the neuropsychological damage and its tendency to repeat itself, just as happens with the anatomical damage.
